ABSTRACT. A high performance liquid chromatography system with a gel permeation column (GP-HPLC) and an on-line dual enzymatic system was applied to lipoprotein analysis in dogs. A high density lipoprotein (HDL) fraction obtained by conventional ultracentrifugation gave a single peak at around 28-29 min. Similarly, a low density lipoprotein (LDL) fraction gave single peak at around 24-25 min. The lipoprotein profiles of healthy dogs were contained large HDL peaks and small LDL peaks, and VLDL and CM were only marginally detected. In diabetic dogs, concentrations of VLDL-triglyceride and VLDL-total-cholesterol were elevated significantly. The lipoprotein profile analysis by GP-HPLC method would be useful in explication of abnormality of lipid metabolism in dogs.
, Noriaki ARAI 3) , Koji KURIYAMA 4) , Itaru YOSHIMURA 5) , Akihiro MORI 2) , Kenji IWASE 1) and Hisashi HIROSE 3) Spectrum Lab. Japan K.K., 1-5-22-201 Midoriga-Oka, Meguro-ku, Tokyo 152-0034, 4) Plasma lipoproteins are classified based on their density, particle size and electrophoretic mobility [15] . In human medicine, hyperlipidemia is closely associated with the development of chronic, arteriosclerotic heart failure [8, 9, 12, 13, 15] and categorized according to the Fredrickson classification, which is based on electrophoretic lipoprotein profiles [4, 5] . Due to its clinical significance, a variety of detection methods has been developed for serum lipoprotein profiling. Conventionally, density gradient ultracentrifugation has been the most widely used procedure for lipoprotein fractionation [7] ; however, this method has some problems, time-consuming and requirement of large sample volumes and careful operation to precisely recover lipoproteins from a centrifugal tube [15] . As a simpler and easier assay, polyacrylamide or agarose gel electrophoresis has been described and clinically applied for separation of lipoproteins by their particle size [12, 15] . In small animal veterinary science, on the other hand, the interest in lipoprotein profiling has been low, because its causality in cardiovascular disease is not clearly defined. However, hyperlipemia is often detected in association with some endocrinological abnormalities in canine clinical practices [2] . For improvement of quality of life (QOL) in these animals, therefore, lipoprotein profiling has a potentially important role in identifying additional therapies.
Because canine lipoproteins are not well characterized and their compositions are completely different from those of humans, it is often difficult to separate canine lipoproteins by conventional procedures developed for humans. Therefore, there is a need to develop a new accurate and rapid procedure for lipoprotein profiling using canine and feline blood samples. To this end, we investigated the use of high performance liquid chromatography system with gel permeation columns (GP-HPLC) and on-line dual enzymatic detection, a relatively new lipoprotein profiling method described by Usui et al. [15] . This system is characterized by sample separation by gel permeation columns and simultaneous measurement of triglyceride and cholesterol via two liquid lines. We applied this procedure to canine samples and compared the results with those obtained by the conventional density gradient ultracentrifugation method. We also examined GP-HPLC results using blood samples from healthy and diabetic dogs.
Blood samples for comparison between the ultracentrifugation and GP-HPLC methods were obtained from three healthy beagle dogs (2 years old, male, approximately 8 kg). And blood samples for comparison of lipoprotein profiles between normal and diabetic dogs were obtained from five healthy beagle dogs (1 year old, male, approximately 8 kg, body condition score [14] of 3/5) and five dogs with untreated diabetes mellitus presented to the Animal Medical Center of Japanese Veterinary and Life Science University. Healthy dogs were bred in conventional conditions in Fuji Animal Farm (Yamanashi, Japan), and no abnormality was found by clinical observation and general blood examination (complete blood counts and biochemical analysis). After fasting of 10-12 hr, blood sampling was carried out before feeding in the morning. Diabetes was diagnosed if dogs met all of the following three criteria: glycosuria; hyperglycemia of >180 mg/dl and serum fructosamine of >350 mol/l. Blood sampling was carried out from jugular vein after fasting for more than 10 hr and before feeding in the morning. EDTA plasma samples were isolated by centrifugation at 1,500  g for 10 min. Ultracentrifugation was performed immediately. Other analyses were carried out within 3 days of sample collection, and the samples were stored at 4C.
The dual-detection GP-HPLC method for lipoprotein profile analysis was described previously [14, 16] . This method was performed by Skylite Biotech Corporation in their laboratory (Akita, Japan). The density gradient ultracentrifugation method was performed as previously described [1, 3, 11, 16, 17] with minor modification as follows. The density of the plasma sample (3.85 ml) was adjusted to 1.240 g/ml with potassium bromide (1.05 g) and aliquoted into 13.2-ml polyallomer tubes (Part No. 331372, Beckman Coulter, Fullerton, CA, U.S.A.). Then, 9.35 ml of 0.15 M sodium chloride (1.006 g/ml, in 0.01% EDTA) were overlaid. After 3 hr of settling at 4C, samples were centrifuged (200,000  g, 4 hr, SW 41 Ti Rotor, Beckman Coulter). After centrifugation, fractions (about 36-40 fractions) were collected by a peristatic pump and an injection needle through the bottom wall of polyallomer tube. Total cholesterol (T-cho), triglyceride (TG) and phospholipids concentrations in each fraction were measured using a commercial enzymatic assay kit (IatroLQ T-cho, IatroLQ TG and IatroLQ PL, Iatron, Tokyo, Japan) and an automatic biochemical analyzer (TBA-40FR, Toshiba Medical, Tokyo, Japan). The concentrations of each lipid fraction were calculated based on the area under the curve (AUC) obtained by GP-HPLC or the ultracentrifugation method. Agarose gel electrophoresis was performed using commercial kits (the Titan III gel system with an enzymatic triglyceride and total cholesterol staining kit, Helena Laboratories, Saitama, Japan). Calibrated Densitometer GS-800 (BioRad Laboratories, Hercules, CA, U.S.A.) and ImageJ software (version 1.32j, National Institutes of Health, Bethesda, MD, U.S.A.) were used for gel imaging and densitometrical analysis.
Statistical analyses for comparison between normal and diabetic dogs was carried out by Student's t-test.
The lipoprotein profiles of Dog 2 by GP-HPLC and by density gradient ultracentrifugation are shown in Fig. 1A and 1B, respectively. The cholesterol curves in both patterns gave two peaks, one large peak and one small peak. The larger peak by the ultracentrifugation method corresponds to the high density lipoprotein (HDL) fraction, and the smaller peak to the low density lipoprotein (LDL) fraction according to previous reports [1, 11, 17] . When Fraction #12, which consisted of the HDL peak by the density gradient ultracentrifugation method in Fig. 2 , was analyzed by GP-HPLC, a single peak eluted at 28-29 min (Fig. 1C) . Therefore, the larger fraction peaked at around 28-29 min by GC-HPLC in Fig. 1A was identified as HDL. Similarly, the Fraction #17 in Fig. 1B , which consisted the LDL peak, appeared as one peak at 24-25 min when analyzed by the GP-HPLC method (Fig. 1D) , indicating that the fraction peaked at around 24-25 min in Fig. 1B was LDL.
The result of agarose gel electrophoresis in Dog 2 is shown in Fig. 1E . This figure presents electrophoretic patterns of the whole plasma which was not ultracentrifuged and ultracentrifugal Fractions (#3, 6, 12, 15, 17, 18, 25 and 33). The concentrations of each lipid fraction by ultracentrifugation and GP-HPLC method were shown in Table 1 . Between the two methods, HDL-cholesterol and LDL-cholesterol levels showed little differences, but significant differences were seen in VLDL+CM TG levels, especially in the chylomicron (CM) fraction. It has been reported that by the ultracentrifugation method the TG-rich lipoprotein fraction adheres to the wall of centrifugation tube, and it may lead to quantification errors in the CM and very low density lipoprotein (VLDL) fractions [15] . Therefore, the results obtained by GP-HPLC are more likely to represent accurate values.
Lipoprotein profiling by ultracentrifugation requires 3 ml of EDTA plasma, but it is not practical to obtain a sample of this volume from a small animal. In addition, the ultracentrifugation protocol can be cumbersome (i.e., settling, centrifugation, sample fractionation and determination of the lipid concentration for each fraction) requiring several hours to complete. The GP-HPLC protocol presented in the present study can be completed in around 30 min and requires about 25 l of plasma or serum. Together, the data obtained in this study suggest that the GP-HPLC method is an efficient and fully applicable lipoprotein profiling method with accuracy equivalent to or better than the density gradient ultracentrifugation method also in small animals.
In five healthy beagle dogs, the particle sizes of HDL and LDL were 11.12  0.06 and 24.59  1.60 nm, respectively. The lipids concentration in each lipoproteins are shown in Table 2 . These results were indicating that LDL was comparatively TG-rich and VLDL and CM were only marginally detected in healthy dogs. The lipoprotein profile of diabetic dogs is shown in Table 2 . In diabetic dogs, concentrations of VLDL-TG and VLDL-T-cho were elevated significantly (P<0.05).
CM and VLDL are type of lipoprotein that transports triglycerides to peripheral tissue. Triglycerides in circulating CM or VLDL are removed by lipoprotein lipase (LPL), which is distributed over the surface of a capillary wall. Thus, both CM and VLDL require the activity of LPL in their maturing processes. Because LPL activity is controlled by insulin, the metabolism of CM and VLDL is lowered in diabetic animals in which the insulin activity is poor. This would explain why the VLDL fractions were increased in diabetic dogs in the present study. However, the CM, which is small intestine origin and induced by dietary triglyceride, would not increase because our diabetic dogs had fasting more than 10 hr.
In human patients, it is assumed that untreated or inadequately treated type 2 diabetes mellitus often presents remnant hyperlipidemia [type III, elevated intermediate density lipoprotein (IDL)] [6, 10] . Because the diabetic dogs in the present study was non-treatment or poorly glycemic controlled (fructosamine >350 mol/l or fasting blood sugar level >180 mg/dl) it is likely that the lipoprotein profiles of these dogs correspond to type III hyperlipidemia in humans. However, because we were not able to identify the fraction equivalent to IDL in this study, it is yet to be determined whether dogs with glycemic control inferiority diabetes mellitus indeed have type III lipoproteinemia. It is also of note that the diabetic dogs in this study are more likely representatives of one type of canine diabetes mellitus, because these dogs all showed similar symptoms. In future, it is necessary to investigate lipoprotein profiles of a variety of diabetic dogs with different control status and medical histories. The lipoprotein profile analysis by GP-HPLC method would support various conditioned clinical scenes to provide accurate information from small amount of sample, and would be useful in explication of abnormality of lipid metabolism in diabetes mellitus in dogs. 
